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EVALUATING THE GEOGRAPHIC DISTRIBUTION OF PLANTS IN UTAH
FROM THE ATLAS OF VASCULAR PLANTS OF UTAH
R. Douglas Ramsey1,2 and Leila Shultz1
ABSTRACT.—Locations of 73,219 vascular plant vouchers representing 2438 species were digitized from the Atlas of
the Vascular Plants of Utah (Albee et al. 1988). Source maps consist of 1:6,000,000-scale shaded relief maps of Utah with
points representing collection locations by species. Location points, representing 1 or more specimens, were transposed
onto these maps from the approximately 400,000 herbarium records of 3 major universities and federal land management agencies. These source maps were digitized into an ARC/Info™ database in order to reproduce the atlas in digital
form. Analysis of all locations revealed a mapping bias of the original authors to avoid placing sample locations on
county boundaries and over major river corridors. A comparison between ecoregions and elevation showed that the Colorado Plateau and Wasatch/Uinta Mountains have the highest species diversity, and that areas of low elevation
(1000–2000 m) have the highest number of unique species in the state. Further, species richness is related to elevation
and to ecoregion boundaries.
Key words: GIS, vascular plants, Utah, ecoregions, species richness.

Biogeographers study the geographical distribution of plants and animals. Combining
geographic information systems (GIS) and biogeography offers a powerful tool to help understand the geographic distribution of life forms.
This combination is used extensively by biogeographers to understand the geography of
taxa and to evaluate scale dependencies (Neilson and Marks 1994, Nichol 1994, Stoms 1994,
Ramsey et al. 1995, and Shultz et al. 1998). A
key component to any biogeographical analysis using GIS is the availability of accurate
information describing the spatial distribution
of plants and animals. Information about the
geographic distribution of individual plant
species is not readily available. This lack of
information limits biogeographers to the study
of distribution of vegetation types or to a small
group of individual taxa. In this paper we use
an extensive database of individual species locations for Utah to evaluate plant collection distribution and species richness within the state.
Our objective is to understand if databases
like this can provide accurate biogeographical
information in an ecological context and provide an understanding of sampling bias.
The Atlas of the Vascular Plants of Utah
(Albee et al. 1988) is a compilation of herbarium collection locations for 2438 vascular plant

species in Utah. The database represents voucher collections from 3 major research universities (Brigham Young University, University of
Utah, Utah State University) and from 3 government agencies (Bureau of Land Management, U.S. Park Service, U.S. Forest Service).
Original maps, stored in the University of Utah
Garrett Herbarium archives, show individual
data points color-coded by herbaria in which
specimens are stored. Seven years were required to compile this atlas. It is the most
complete source for spatial distribution of
individual plant locations for Utah.
Specimen vouchers examined by the authors
were generated over more than a century by a
host of individuals. The authors critically examined approximately 400,000 specimens representing 2822 native and introduced species,
and they mapped multiple sample locations of
2438 species. Where the same species was
collected in approximately the same area, a
single dot represented multiple collections,
and where the location of a specific voucher
was in question, the voucher was not mapped.
Further, plants that were collected from only a
single location, usually considered rare, were
not mapped. These plants represent an additional 384 taxa and are listed in the appendix
of the published atlas. Including the unmapped
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species, there were 2822 species cataloged in
Utah when the atlas was published in 1988.
This paper deals only with the 2438 mapped
species.
The authors of the Atlas of the Vascular
Plants of Utah used a shaded relief map of
Utah scaled at approximately 1:6,000,000 to
locate vouchers. Accompanying each map is
the species’ scientific name, authority, common name, brief habitat description, growth
habit, indigenous status, blooming time, and
elevation range. The purpose of publishing
the atlas was to document areas that have
been sampled for individual species and elucidate biogeographic patterns, to identify sampling gaps, and to direct future activities in
those areas with little or no sampling.
This database, in its original published form,
represents an important body of work depicting distribution of plant species throughout
the state. The atlas can be used by ecologists,
evolutionary botanists, morphologists, physiologists, reproductive biologists, and others to
understand the distribution of plants along latitudinal, elevational, and ecoregional boundaries. As a GIS database, the atlas can be used
in conjunction with other ecological data sets
to provide biogeographical information, potential range distribution, and sampling adequacy.
While the atlas is an important piece of
work and is voluminous in its coverage of plant
distribution, like all geographic data sets it
makes assumptions and has limitations that
preclude certain types of analysis. This paper
will detail the process of converting the atlas
to digital form, provide an understanding of
the limitations of using small scale (large area)
databases, and evaluate sampling adequacy
and species distribution across ecoregion and
elevation boundaries.
METHODS
The atlas was digitized over the span of 1
year by 3 student technicians. To reduce digitizing variation between technicians, a menu
interface was created using ARC/Info™ menu
and Arc Macro Language tools. Control points
were positioned at each corner of a state
boundary map to reference each distribution
map to the same GIS state boundary layer.
Technicians worked together to maintain consistency with the database and were each
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instructed to digitize the center of the mapped
sampling point. Each species distribution map
was individually digitized and stored in its
own GIS layer. Attribute information consists
of genus, species, lowermost elevation limit,
and uppermost elevation limit for each species
as stated in the atlas. All taxa are named
according to standard Natural Resources Conservation Service (NRCS; SCS 1993) genus/
species acronyms and are stored in individual
family workspaces.
In order to spatially evaluate sampling and
mapping bias, all points for each species are
combined in family-wide databases and in a
collection-wide coverage. Family-wide databases contain all digitized points for each
species within that family. The collection-wide
coverage contains all points digitized for the
entire atlas. Each point maintains its original
attribution in all coverages.
The spatial distribution of voucher specimens was evaluated according to ecoregions,
elevation, and a 649-km2 hexagonal map tessellation of the state to determine landscape level
representation of samples and to help evaluate
species richness. The Utah portion of the
national ecoregion map produced by Omernik
(1987) was used to delineate ecologically distinct zones in the state. There are 5 Omernik
ecoregions that fall within the state boundaries: Northern Great Basin (NGB), Southern
Great Basin (SGB, which in Utah represents
the eastern extension of the Mojave Desert
floristic province), Colorado Plateau (CP),
Wasatch-Uinta Mountains (WUM), and Wyoming Plateau (WP). An elevation zone map
was generated from a statewide, 30-m resolution, digital elevation model and was categorized into 500-m elevation zones. Elevation
zones began at 500 m (msl) and terminated
with a zone of elevation above the 3500-m
(msl) mark (Fig. 1). The Environmental Protection Agency (EPA) Emap-based, hexagonal
sampling frame (Carr et al. 1992) was used to
evaluate species richness (as a function of the
collections) across the state.
RESULTS
The atlas provides collection locations for
2438 species, representing 117 families. A
total of 73,219 sample points describe the distribution of species. Figure 2 shows the digital
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Fig. 1. Elevation zone map of Utah using 500-m increments.
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Fig. 2. Digital distribution map of sego lily (Calochortus nuttallii T. & G.) from the Atlas of the Vascular Plants of Utah.
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Fig. 3. Distribution of sampling points for the collection-wide database.

version of the sego lily distribution map. Figure
3 shows the distribution of sampling points for
the collection-wide coverage.
While there are areas within the state where
a species does exist but has not been documented, cursory examination of point distribu-

tion shows that there was no obvious bias in
mapping of points for the individual species
(Fig. 2). However, when the collection-wide
database is displayed (Fig. 3), there is a decided
mapping bias. When all 73,219 points are
simultaneously displayed, political boundaries
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Fig. 4. Distribution of sampling points for the collection-wide database with ecoregions superimposed.
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Table 1. Proportion of Utah composed of each of the 5 ecoregions and percent of samples and species found in each
ecoregion.
Ecoregion
Colorado Plateau
Northern Great Basin
Wasatch/Uinta Mountains
Southern Great Basin
Wyoming Plateau

Percent of state

Percent of samples

Percent of species

41.05
38.91
18.11
0.22
1.71

42.30
21.21
35.56
0.53
1.75

84.17
67.06
75.96
14.40
26.05

Table 2. Proportion of Utah composed of 500-m elevation zones and percent of samples and species found in each
zone.
Elevation zone
500–1000 m
1000–1500 m
1500–2000 m
2000–2500 m
2500–3000 m
3000–3500 m
>3500 m

Percent of state

Percent of samples

Percent of species

0.49
29.63
41.14
19.85
6.84
1.96
0.08

0.81
17.12
36.17
26.93
13.85
4.99
0.13

16.78
69.85
86.10
79.04
62.80
39.13
3.65

of individual counties in Utah and some river
corridors are easily discernible. All 3 authors
(Albee, Shultz, and Goodrich) seem to have
had a mapping bias to avoid placing sample
locations on top of county boundaries. The
original shaded relief map used to located
voucher specimens contained county boundaries, water bodies, and major water courses
(the original map is similar to the map base of
Fig. 2) to aid in locating sample points. These
map features apparently caused the mapping
bias when the authors chose not to put sampling points on county boundaries. Conversations with 1 of the original authors (Shultz)
indicate that the authors intentionally positioned points within county boundary lines to
avoid confusion regarding voucher location.
This bias is also consistent with standard cartographic practice not to directly overlay features or feature names on a map, preventing
confusion by the map reader.
Another limitation to the atlas is the size of
the original points used to show sample locations. The dot size represents an area approximately 10 km in diameter on the ground,
effectively setting a minimum resolution of
approximately 78 km2. This, in addition to the
error of positioning points, makes the atlas a
general representation of sample location,

which was its intended purpose. The authors
were comfortable with this bias, knowing that
most older herbarium records could not be
positioned more accurately and that attempting to do so would be misleading.
Plotting collection points onto ecoregion and
elevation zone maps of the state depicts the
distribution of samples and species along major
ecological gradients. Table 1 shows the relationship among 5 ecoregions in the state, their
proportional size, the proportion of samples
allocated to each, and the proportion of individual species found in each. By comparing
each ecoregion, we found that all areas have a
higher sampling frequency than the proportion of land they occupy in the state, except
for the Northern Great Basin, which covers
38.9% of the land area but has only 21% of the
samples (Fig. 4). This difference may be attributable to 2 factors: (1) the large tracts of
nonaccessible Department of Defense (DOD)
lands and (2) the large area covered by mudflats and water in the Great Salt Lake desert,
which effectively lower sample density and
species richness of this area. The 3 largest of
the 5 main water bodies in the state reside in
this ecoregion. When DOD-owned land and
the area covered by water are removed from the
analysis, the available sampling area decreases
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Fig. 5. Estimation of species richness relative to an EPA 649-km2 hexagon sampling frame. Values in each hexagon
refer to the number of individual species collected within that hexagon.
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to 32.3% of the state, still well above the 21.2%
of samples allocated to it. This analysis suggests that the Northern Great Basin is underrepresented when compared with the other
ecoregions.
The ecoregion with the highest sampling
relative to area is the Southern Great Basin
with a 2.41 ratio percent sample to percent
area. This area, albeit small, juxtaposes 3 ecoregions (Northern Great Basin, Colorado Plateau, and Southern Great Basin). The Southern
Great Basin is followed by the Wasatch/Uinta
Mountains with a sampling ratio of 1.96. This
analysis shows a disproportionately high amount
of sampling in the latter 2 ecoregions and a
relative paucity of sampling in the Northern
Great Basin.
Elevation distribution of samples is as expected and follows closely the elevation distribution of ecoregions (Table 2). In general, the
highest sample density is found at the 3000–
3500 m zone with a sampling ratio of 2.55.
The lowest sample density is at the 1000–1500
m elevation zone that coincides predominantly with the Northern Great Basin and partially with the Colorado Plateau. Collection
density is high at the 500–1000 m zone and
decreases in the 1000–1500 m zone. Sample
density then increases with elevation to the
maximum at the 3000–3500 m zone and drops
again above 3500 m.
A comparison between ecoregions/elevation and number of individual species found
within each area of Utah shows that the Southern Great Basin and Wyoming Plateau have
the greatest number of species-to-area ratios
followed by the Wasatch/Uinta Mountains, Colorado Plateau, and finally Northern Great Basin
(Table 1).
Along the elevation gradient, the highest
species-to-area ratio is above 3500 m (Table 2).
In general, as elevation increases, species-toarea ratio increases with the exception of the
500–1000 m zone, which has the next to highest species-to-area ratio. This relationship with
elevation agrees with the findings of other
investigators (Gough et al. 1994, Woods et al.
1994, Benayas 1995).
The estimation of species richness across
the state using the hexagon tessellation also
depicts some interesting patterns (Fig. 5).
Areas of highest species richness generally fall
between ecoregional boundaries and in mountainous areas. These areas of highest richness
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include the Wasatch Front and the southwestern corner of the state where 4 different ecoregions meet (SGB, NGB, WUM, and CP).
DISCUSSION
The Atlas of the Vascular Plants of Utah is 1
of 2 publications of its type in the nation
(Albee et al. 1988). With the goal of portraying
biological limits of individual species within
the state, presentation of information at this
scale provides taxonomists with a guide indicating where species have been sampled, thus
guiding future collection efforts. However, in
its original individual map form, it fails to
show areas of the state that have had little or
no sampling as a whole. It is difficult to evaluate overall sample density by examining 2438
individual distribution maps. By placing the
atlas into a GIS we are able to identify those
areas lacking in overall sample density.
Distribution maps in the atlas are intended
to show where samples have been collected,
not the potential distribution of individual
species. Therefore, lack of samples for a particular species in one part of the state with
appropriate habitat does not indicate that the
plant does not grow there, but simply that it
was never collected there. However, since these
data were compiled from over 400,000 voucher
specimens collected by many private, state,
and federal agencies for more than 100 years,
the atlas is one of the most complete sources
of habitat information for individual species
available. Biogeographical analysis of species
distributions can be carried out with a certain
level of confidence. Such analysis, however,
should be limited to the scale of the information and not extrapolated to finer levels of resolution.
The digital form of the atlas can be used to
evaluate species distribution and limits within
and between available ecoregion and elevation
delineations. Species richness between and
within ecoregions, elevation, or independent
sampling frames (i.e., hexagons) can be carried
out to help evaluate biodiversity. However, as
in the case of the hexagons, while a relationship between ecoregion and elevation boundaries and species richness is intuitive and, for
the most part, correct, sampling bias may also be
a determinant of species richness distribution.
According to the hexagon sampling frame, the
areas of highest species richness occur in
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Table 3. Cross-comparison of species associations between elevation zones and the remainder of the state.
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northeastern Utah County (734 species) and
northeastern Salt Lake County (705 species).
These areas coincide with the locations of the
state’s 2 largest universities, Brigham Young
University and the University of Utah, and of
the 2 largest herbaria. An area in northeastern
Cache County also shows a high amount of
species richness (537 species), which may also
be a function of the location of Utah State University. Whether this distribution of species
richness is a function of environmental gradients or sampling bias or both remains to be
determined. We presume that it is a function
of both, considering the large number of samples mapped.
Patterns of endemism within ecological
zones can also be calculated. Such analyses
can provide species lists of individual taxa that
are restricted to a particular region of the state.
More detailed analyses can be made from the
digital format than from the published format
(Shultz 1993). An example is the intersection
of the elevation zone map with the combined
73,219-sample database. Table 3 shows a comparison between each elevation zone and the
rest of the state. The 1000–1500 m and 1500–
2000 m zones show the highest level of
endemism, with 43 species found only at the
1000–1500 m zone and 40 species found only
in the 1500–2000 m zone. A cross-comparison
of all elevation ranges shows a similar trend.
From this analysis we see how similar 1 elevation zone is to another. To properly interpret
this table, the reader must understand that
while certain species assemblages may be dissimilar between 2 adjacent elevation zones, 1
or more of those species may occur at another,
nonadjacent, arbitrary elevation zone. Sampling
adequacy by species in the atlas precludes this
assumption. However, this table can be used
to describe species distribution similarity
along an elevation gradient for the entire state.
As one moves from 1 elevation zone to another,
the level of similarity decreases.
Voucher specimens used to generate the
atlas were collected before the common use of
GIS and global positioning systems (GPS).
Descriptions for collection locations are general at best, precluding site-specific information from being gathered at large scales (small
area). However, with multiple samples per
species, modal information collected from general maps depicting biophysical parameters
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can give a relatively accurate estimate of habitat preference by species. Further, with the
transferral of the published atlas to a spatial
database format, voucher specimens collected
after the publication of the atlas can be more
easily included as well as updates to nomenclature and habit. With the increased use of
GIS and GPS by taxonomists, future collections
can answer more site-specific questions and
improve habitat preference models for individual species (Aitken 1998). Relatively inexpensive (hundreds of dollars) GPS receivers,
digital topographic maps, and road maps can
easily be purchased. Collectors can manually
record GPS-derived geographic positions, in a
simplified form, onto samples collected in the
field; this provides an improved location description. If collectors desire more complex
and automated methods, more expensive and
robust GPS receivers coupled with data dictionaries and GIS software can record specimen locations with automatically derived biophysical parameters (elevation, slope, aspect,
climate, soil type, etc.).
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